Endothelial nitric oxide and cardiovascular disease.
The vascular endothelium is the site of formation of several powerful mediators. One of these is NO, a chemically unstable radical formed by enzymatic conversion of L-arginine in the presence of molecular oxygen. NO elicits relaxation of VSMC by activating cytosolic guanylate cyclase. NO also counteracts platelet adhesion and aggregation. The biological actions of NO make it a key substance in the endogenous defense against vascular occlusion and thrombosis. The basal formation of NO maintains a moderate but significant vasodilation in the systemic resistance vessels and counteracts platelet activity. When blood flow in conduit arteries is increased there is an augmented endothelial formation of NO, eliciting flow-dependent vasodilation. Beside this, several vasodilators (acetylcholine, bradykinin, histamine, substance P) operate by stimulating endothelial NO formation. On the other hand, drugs like nitroglycerin and papaverine operate independently of the vascular endothelium. Vasodilator mechanisms, physiological as well as pharmacological, may therefore be characterized as endothelium-dependent (i.e. NO-mediated), or endothelium-independent (i.e. not mediated by NO). Physiologically, mixed mechanisms occur. Failure of the vascular endothelium to elicit NO-mediated vasodilatation may be due to decreased formation, increased degradation, decreased sensitivity to the NO formed, or a mixture of these factors. Irrespective of the mechanism behind, this is referred to as endothelial dysfunction. Endothelial dysfunction occurs in several cardiovascular settings, like atherosclerosis, hypercholesterolaemia, diabetes, and essential hypertension. Endothelial dysfunction leads to an impaired tissue perfusion, increased local vascular resistance, decreased defense against thrombus formation, and possibly also decreased defense against hypertrophy of the VSMC in the vessel wall media. In patients with CHD, endothelial dysfunction leads to an impaired coronary flow response to physical and mental stress, and to promotion of platelet adherence and aggregability. Endothelial dysfunction is thereby a probable aggravating factor in the atherosclerotic process, adding a functional component on top of the structural lesions characterizing this disease. A particular form of endothelial dysfunction, limited to the arterial resistance vessels, may explain the symptoms and clinical characteristics of microvascular angina. In patients with essential hypertension, endothelial dysfunction prevails, adding a functional component to the structural factors also in this disease. Hitherto, the only therapeutic tools available to restore endothelial dysfunction appear to be restriction of the dietary intake of lipids, possibly reinforced with intake of antioxidants like fish oil and vitamin E. However, large clinical trials to confirm the efficacy of such therapy in reversing endothelial dysfunction have not been conducted. In the future, more directly acting therapeutic regimens, aimed at supporting or substituting the endogenous formation of NO, are likely to appear as well.